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Summary Purpose: To determine the efﬁcacy of near-infrared spectroscopy (NIRS) in
identifying the hemisphere associated with language bymeasuring changes in bilateral
lateral inferior frontal blood ﬂow during a word generation task in epilepsy surgery
patients and healthy volunteers.Methods: Sixteen patients who underwent the intrac-
arotid amobarbital procedure (IAP) and eight healthy right-handed/right-footed indi-
viduals were tested with NIRS during a word generation paradigm. Results: Increases
in lateral inferior frontal total hemoglobin concentrations agreed with the IAP in 11
of 16 patients, including 2 of 3 with right hemisphere (atypical) speech dominance
(P = 0.13). NIRS revealed increases in lateral inferior frontal total hemoglobin con-
centrations congruent with language dominance predicted by handedness/footedness
in 18 of 24 subjects, including 100% of healthy right-handed subjects (P = 0.02). Con-
clusion: NIRS is a simple, non-invasive, safe modality for measuring cerebral blood
ﬂow. Further research and development of testing procedures and instrumentation
are needed before routine implementation in pre-surgical testing.
© 2003 BEA Treading Ltd. Published by Elsevier Ltd. All rights reserved.
Introduction
Surgical treatment of epilepsy often requires de-
termination of the cerebral hemisphere mediating
speech, so that essential language cortices can
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be identiﬁed and spared. This is typically done
with the invasive intracarotid amobarbital pro-
cedure (IAP).1 Near-infrared spectroscopy (NIRS)
utilizes the unique near-infrared light absorp-
tion characteristics of hemoglobin chromophores
to estimate real time changes in cerebral blood
ﬂow a few centimeters below the scalp.2 Since
cerebral blood ﬂow and neuronal activation are
coupled, NIRS detects activated cortical regions.3
Here, we investigate NIRS as a potential simple,
inexpensive, non-invasive language lateralization
tool.
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Methods
Subjects
All 24 subjects were right-handed according to the
Lateral Dominance Examination. The Human Sub-
jects Committee at the University of Washington
approved all experimental protocols and use of the
investigational device. Informed consent was ob-
tained from each participant.
Group I
Initial studies were performed on eight neurolog-
ically normal volunteers (age 24—49, three fe-
male, ﬁve male), selected because they were both
right-handed (wrote with the right hand only) and
right-footed (kicked an American football with the
right foot only), minimizing any chance of atypical
language dominance.
Group II
Included 16 epilepsy patients (age 20—58, 8 female,
8 male) with hemispheric speech dominance de-
termined by IAP as part of a work-up for epilepsy
surgery at the University of Washington Regional
Epilepsy Center. Ten of the 16 patients had pre-
viously undergone epilepsy surgery at the time of
their NIRS testing.
Word generation task
Each subject was given ten 17 second opportunities
to write down as many words as possible beginning
with a randomly presented letter on a computer
monitor. In between presentation of letters, sub-
jects were instructed to focus on copying a picture
of an European city for 60 seconds during which the
NIRS baseline was established (Fig. 1).
Figure 1 (A) The resting task picture. (B) An example of a subject’s drawing, with evidence of the word generation
task around the periphery.
Near-infrared spectroscopy
NIRS was performed using a Hitachi Medical
Corporation® Optical Topography System (Model
ETG-100). This device allows the use of two sep-
arate probe-containing shells each with ﬁve semi-
conductor laser light sources (780 and 830 nm;
radiated power <5.0mW/mm2) and four avalanche
photodiode detectors arranged in an alternating
fashion to form two 3× 3 grids (Fig. 2).
Each subject performed the word generation task
during continuous (1 s−1) NIRS measurement of to-
tal hemoglobin concentration changes in 12 regions
of interest (ROIs) on each side of the head (Fig. 2).
Changes were quantitated from the integral of the
absorption curve (relative to baseline) during the
language task from the average of all 10 trials. Fur-
ther details of this analysis have been described
elsewhere.4
The NIRS laterality index, L, for total hemoglobin
(THb) was calculated from AL and AR, the sum
of the concentrations for the activated ROIs
over the left and right inferior frontal regions
bilaterally according to the following formula:
L = (AL − AR)/(AL + AR). Statistical analysis re-
garding the correlation between language lateral-
ization as deﬁned by NIRS and IAP was performed
using Pearson’s chi-square test for non-continuous
variables.
Results
Normal subjects (Group I)
The presence of both right-handedness and
right-footedness is a strong predictor that the IAP
will demonstrate the left hemisphere only is re-
sponsible for speech generation. Our NIRS results
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Figure 2 Left and right near-infrared arrays indicating positions of light sources and detection probes. Twenty-four
regions of interest (ROIs) were measured at each point between a light source and a detection probe. Inferior frontal
ROIs were used in calculations to determine language lateralization.
(Table 1) were consistent with this as all eight pa-
tients in Group I had left hemispheric language
dominance.
Surgical patients (Group II)
NIRS identiﬁed the cerebral hemisphere mediating
language as deﬁned by the IAP in 11 of 16 epilepsy
surgery patients, including 2 of 3 with atypical
speech (P = 0.13, n.s., Table 2). Four of the ﬁve
patients that were incorrectly lateralized had NIRS
testing performed after their surgical resection.
Five of the six patients tested prior to surgery were
accurately lateralized (P = 0.10, n.s.) as opposed
to 6 of 10 patients tested after surgery. There was
no difference in WAIS-R/WAIS-III Full Scale IQ scores
between concordant (mean = 93.18; S.D. = 8.98)
and non-concordant patients (mean = 90.20;
S.D. = 9.60).
Table 1 Lateralization of language (LL) from the to-
tal hemoglobin-derived laterality index (THb LI) de-
termined by near-infrared spectroscopy in eight nor-
mal right-handed and right-footed subjects (Group I)
with expected left hemisphere dominance for speech.
Subject
(sex, age)
THb LI LL Concordant with
LL as determined
by handedness?
M, 28 0.30 Left Yes
M, 27 0.88 Left Yes
F, 30 0.16 Left Yes
F, 24 0.74 Left Yes
M, 34 0.79 Left Yes
F, 31 0.98 Left Yes
M, 49 0.23 Left Yes
M, 36 0.70 Left Yes
M: male; F: female.
All 24 subjects in this study (8 healthy and 16
epileptic) were right-handed. Language lateraliza-
tion by NIRS was consistent with lateralization as
determined by the Lateral Dominance Examination
in 18 of 24 subjects tested (P = 0.02).
Discussion and conclusions
The results of this study demonstrate that NIRS is
most accurate at lateralizing language in individuals
with normal cerebral development and physiology
with presumed, typical, left hemispheric language
dominance (Group I). The present NIRS technique
was not able to consistently lateralize language in
neurologically abnormal pre- and post-surgical pa-
tients with epilepsy (Group II).
Epilepsy can make language functions difﬁcult
to characterize. Many patients with intractable
epilepsy have a history of signiﬁcant neurological
disease during critical periods of language devel-
opment. This could lead to atypical or more bi-
lateral anatomical networks mediating language
functions, even in patients with left speech dom-
inance on IAP. One recent fMRI study of patients
with refractory epilepsy revealed strong bilat-
eral inferior frontal activation in 7 of 10 patients
tested. This bilaterality was not detected in nor-
mal subjects.5 Lateralization with NIRS depends
on discreet differences in hemispheric activation
and signiﬁcant bilateral activation may impair its
accuracy.
Although the difference in concordance between
NIRS and IAP in pre- and post-surgical patients was
not statistically signiﬁcant, we noticed a trend in-
dicating that performing NIRS prior to surgery may
improve the accuracy of this method. In addition,
recent studies have revealed robust increases in in-
ferior frontal hemoglobin levels detected by NIRS
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Table 2 Lateralization of language by NIRS (NIRS LL) in 16 epilepsy patients (Group II) from the total
hemoglobin-derived laterality index (THb LI) compared to speech lateralization as determined by the intracarotid
amobarbital procedure (IAP LL).
Patient
(sex, age)
IAP LL THb LI NIRS LL NIRS agrees
with IAP?
Area of surgical resection
and type of lesion or surgery
NIRS before or
after surgery?
F, 53 Left 0.29 Left Yes Right temporal L, H After
M, 20 Left 0.98 Left Yes No resection, VNS Before
M, 24 Left −0.14 Right No Right temporal tumor After
F, 20 Right −0.54 Right Yes Left temporal L, H Before
M, 34 Left −1.0 Right No Right frontal NL After
F, 26 Left 0.97 Left Yes Left temporal H Before
F, 58 Right −0.10 Right Yes Right temporal L, H After
M, 28 Left 0.73 Left Yes Right temporal L, H Before
M, 20 Right 0.55 Left No Left temporal L, H After
M, 32 Left 0.72 Left Yes Left temporal L, H After
F, 32 Left 0.72 Left Yes Right temporal tumor After
F, 39 Left 1.0 Left Yes Left frontotemporal tumor After
M, 46 Left 0.62 Left Yes Right temporal L Before
F, 48 Left −1.0 Right No Left temporal tumor After
F, 35 Left −0.58 Right No Left temporal AVM Before
M, 34 Left 0.08 Left Yes Left frontal and temporal NL After
Area of surgical resection, type of lesion or surgery, and status of surgery at the time of NIRS testing are also
noted. F: female; M: male; L: lobectomy; H: hippocampectomy; VNS: vagal nerve stimulator; NL: non-lesional;
AVM: arteriovenous malformation.
during a syntactic decision task.6 Future research
focusing on syntactic, rather than linguistic, pro-
cessing may provide more consistent agreement in
language lateralization between NIRS and IAP.
Although our method did not consistently lat-
eralize language as deﬁned by the IAP, individual
patients did show robust, well-lateralized changes.
Additionally, our results indicate that typical left
hemispheric language function in healthy individ-
uals is reliably demonstrated with NIRS. Further
research and development of NIRS for language
lateralization is warranted.
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